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-whit y, :I,S t,he second point, w-lieii projcctd clown will 
nenrlj7 coincide wit.li the first,: but, it, is necess.r.ry t.o 
swing t.hie point up to oht.:iiii t,he change in direction of 
t.he wind. 
3. The an$e 4 will not  dways he nclded t.o t.l:t? pre- 

\-ious nzimut,h. ,4 set of four rules is furniulieil wit.li 
t,he ‘i Ctilculat,or ? ’  which uro to be nppliecl in c1cteriiiinin.g 
t,he wind clirt?c.tion. 

This mst,liod npylios a mechnnicitl device t o  6lin 
‘( C!slculntor ” which nie.kc-s the mnnipnla ticm mr;ch 
enpIer, simpler, nncl quicker to fcdlow t.hrough. A gr~111- 
xtstl c(!lluloid scale is pivot.ed a t  t,he origm of the cnl- 
cul:i.tor :is showii in figure 3. 

The pnint. 0 is pivoted at, the origin of tdic-! “ Cdcii1:iknr.’’ 
the scale O B S  is graclunt.ed in the propcr rclnt.inn to t.lie 
scale of t.he c$culator, so that, it rends directly in in. p. s. 

FIG. 5-The “T:vi~chell” method. 

,.t. a rnclius of n.lmut, 20 cm. from 0 t,here is a mndilied 
vernier scnle, AB. The arc- AB is ninrlc t.0 e u d  csact,ly 
10’ of n circle of t,hnt purt.icul~r rnclius. 8 n t.he cd-  
culat.or it is necessary to lisvc only 10’ divisions AS t,iie 
sc:Jc :i.llows for any frnctiou bot,n-een these tlivisicms. 

The use of t,he ivle is a.s follows: 
W e  will assunie the same c1nt.a xs before. 
1. Read up the leftr-hancl clist,nuce sctile t.o 150 met,ers. 

Set, t.he 1oTer so that t,he ruled edge lies on the 31.S’ lint?. 
Rend OTOP 011 t,he 150 mt!ter line uiibil it  intersects t.his 
edpe. Pollow t.his point, vert,icnlly downward to the 
scde below. Move the lever clown so t.hat t.he rulecl 
edge coincides with t,he bottom of the chart t~nd rctiil 
tho velocity from the levor in ni. p. s. 

2. Read up the left-hand distance scale to 300 niet,ei~. 
Set the lever to read the wr t icd  angle 35.6’. Find the 
intersection with the 300-met.er line and projcct the 
point vertically downward to the bottom scale. Bp 

BRITISH PILOT-BALLOON METXODS : TEE SROEBUEYNESS 
SYSTEM. 

[ Reprint‘cd Irmn .\Ictcclrnlogir:d O a r ?  rirciilar SO, Tr’or. 26, 1918. pp. 1-2.1 

T ~ I P  ffilloming is n description of the double-tlieodolite 
m c b  t1ii.d in uac. a t  Slinchur>-tic:js : The nietlind is n combi- 
mttinp f-)f gmphitd nncl  aii:lc-rule nietliotls. On a large 
chwing bu:i.~d there nre fixed two of tlie radial charts 
supplied hy the &IC tec!rv!ljgical Office, joiiiec! so tis to linve 
lilies rdii:tiag t,iJ the lett :IS :wll 8s to the right. The 
(:iiinnioii center of t,liest! t:hii.;.b;; representc, the home sta- 
t h .  A p p w ~  prcit~rm+or (o!Jt,,iiiietl by cv.ttin.~ up a 
rnclinl c!iart) is : irran~~e~l  si ,  tliiit it.s ccnttlr is nt a tIatnnce 
from tlie cenber of tl-ie r;idiril r lxrts ecjunl to the length of 
the base bct,n-i.en tiie t!teodolit.c st,wtions on n scale of 2 
cm. to GOO feet: t:ie henring ~ 1 ’  t.!.,e f:ent,er of the protinctor 
is the boaring of the tlist.niit,, from t,hc liomc, statim. The 
wlii.)lc is covered with n shco t of tmring paper on w!iich the 
path of the ballvtui is plottcd. T h e  tcacing p p e r  is 
renewed \vlieii iler.c+aaiy? hut the r:i.tlinl charts seldom 
ret1uii.c renewal. Two C%cst,erm:m :,btwl tn MS arc pivot,ed 
one n t  the center nf tlillr railiii.1 chwt ~ n c l  t f ie othvr a t  tlie 
ceiitcr nf t,he prntrnct.cw. ‘i’lie liome tlieodo1it.c~ is set with 
nziniutli N. = 1SO’ and the clistii.nt tlieocldit,e Kit11 zero- 
h r i n g  of the home station. The steel tnpes are set 
a w  d i n g  to the ainiultmeous rcn.dings of the nziinu trli of 
the Lallocin, :tiid their int,ei-set:ticm on the plotting tables 
gives the )rojer: t.ion ivf the h 1 h J m .  Succe2sive 1’1 witions 

wind speed is obtninetl c!ire:.tly in feet per second by 
inensuring the di&m es between successive points. As 
the s d e  is 3 cni. to GOO feet the apced in feet per second is 
memured on tlie smle of 2 cni. to 10 f./s. The wind- 
ilirec: tion is obtained by setting R rcdliug parallel ruler 
dong the line joining two successive points : the ruler is 
then rolled until i t  coincides with one of the lines of the 
racliel c*hnrts. This gives the wind-clirec tion directly. 
Tile distances from t!ie intersections c!n the charts to the 
origins :we rend off 011 the steel 6npes. Y cni. being taken as 
the unit. ‘.rhese give IIcotE/(iill) for each st.2.t.iim where 
14 is t,he heiylit in fcet ah:we tlie st,ntion from which the 
plcn t.iiin of tlw balloon is E. Froni this the height ahove 
ew!i s tn  tigon j s  rmnpii tcd 1 . y  slitlc-riile. A pilv t, bndloon 
slide-rule is usccl: 1 ou tl:e inner slitle is sct  against 6 on 
the niniii slide. The tangent cursi.)r is sct t:, the corn de- 

set so t1ia.t. t,Iic liorizoiitul tlist,nn:-e o f  the lmlloon from . 
either stat.ion, :is nic?asurccl on the plot.t,ing board, falls 
uii1-10r the viirs(~r, I-Eelglit in fcct is then rend against 
tlie enil of the sine-sc.ale. 

The ends of the bnsc mcl t.he ofice where t,lie computing 
is dune are (:i.miiec‘tcd by tclephoiie. The telephone 
installation is txrrmged so that any observer who is using 
the telephone call spenli to and hear either of the other 
two. This is the case vr-liicherer base is hein used. 

a t  intorva \ s of une niii1ut.e are plot.t.ei1 in this wayv. The 

inriit of tlic nnglc of elevnt.ion ancl the inner slide is t ! ien 

Five observers are required; tiley are allocated as P ollows: 
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Two a t  the station 'from which tlie bnlloon is lwitig 

One a t  the other station (the distant station). 
Two in the ofice computing. 
A t  tlie home station, one of tlie ohservers follows tlic 

balloon. The other, who is at the telephone, gives the 
needful time signals and transniits the ohservations of 
his own station to tlie office: the observer a t  tlic distant 
station transmits his own ohservittiolls on hearing the 
tinie signals given by tlie home obseyver. T o  prcrent any 
confusion, the routine adopted is for the distant obsorrer 
to send his resdings t,hrougli h t ,  and for the home 
st,ntion to send tizeirs inimedia.tely a.ftermnrtls. 

The one. \n-ho is 
wenring the telephone receives the observations mid notes 
them on the special form, a t  tlie same time giving them 

released (the home station). 

In the office there are two computers. 

rcdxilly to t1i.c sncond conipii tcr, wlio t s  thtm on his 
rnrliitl c.1itu-t aiid reads oil tlio rnlues €lcotE/(iC)O, wind 
spcetl and direction. He gives these to tlie iirst cwnlputer, 
who enters them on the f o r i  and, by means of the slide 
rule, calculates the height of the balloon above each 
station. ?'lie n~?:essary ciimputing is dime hefore the 
readin? for the nest niinute becomes clue. Thus the 
~ - 1 ~ d e  work can he done during the balloon ascent,. and 
rcsul ts me 01) t.ainetl just n.s rapidly ns mi tli singlc-theodo- 
lite olxmvntions. 

T&;)hone rwnnectims  re nvn.ilnhle nt en1111 n.ng1e of tl . 
trirtngle, which is naa.rly equilat,eral, with sides whirh are 
nhnut 4,000 fcet long. The hnse used may be m y  one of 
the sides of this triangle, and the particular side to he 
used is t.hst which will be most nearly a.t right angles to 
the pat,li of the balloon. 

FREE-BALLOON FLIGHT IN THE NORTHEAST QUADRANT OF AN INTENSE CYCLONE. 

By Lieiit . C. LEROY >IEISIXGER, Signal Corps !deteorolngical Service. 

[Dated: Fnrt ~Jniilxi, Ncbr., Mar. 28, 1819.1 

At 3:37 on the niorning of Mtircli 14.  1919,  thc wit.er 
a.rt;icipabed in a frec-ha.lloon flight frvm Fort Omaha, 

Rebr. The balloon hncl tt cnp3cit.y of 35,000 cubic fect 
and carried a pnrt.y of five, piloted hy Lieut,. Ralph A. 
Reynolds. Owing to a aomew1in.t gusty enst w i d ,  
which seemed to hear t.he bolloon down upon the ground, 
the oscillations of the bag were so sewrc RS t.0 c t m w  t,lw 
basket to crmh into t.he grouud on the getnwav, rciidcring 
the barograph useless. Ne\-ert>lirless, the wholc osperi- 
ence w n s  one of henut,y-t,he fi i l l  n i o i ~ i  ~~IJOTC t?ie fog 
hillows, the sunrise, n n r t  finally tho 1:xiding in t.he fog. 
A t  9:10 a. loncling was eficct.ec1 in  A 5cld n.l)out s milw 
southeast. of Gocltl~s, S. Dak.-an air-liw clistnucc? c ~ f  2.2 
kiloniet.eis from t.ho starthig point,. 

Tshlc 1 is a suiniiinry of t.he fight: 

TABLE l.--Rcrord oJfrc~-balloon iwyagp, i l h .  r-i ,  1913. 

Timc. 

A .  Y. 
337.. ..... 
4:47.. ..... 
3 5 . .  ..... 
4: m... .... 
4 2 2  ....... 
4 3 1 . .  ..... 
4 : w . .  .... 
5:Oi.. ..... 
f:?. ...... 
537.. ..... 
553.. ..... 
6:ni..  ..... 
6:2?. ...... 
6:37.. ..... 
6:5?. ...... 
7:07.. ..... 
7:?2.. ..... 
707 ....... 
7:5?. ...... 
R:o7.. ..... 
H:?2.. ..... 
8:37.. ..... 
8352.. ..... 
9106 ...... 

Altitivlr 
falti- 
meter 

sot 0 3 t  
Fnrt 

Omaha'). 

'r.8hahi 
dirt.-- 
t i  n nf 
travel. 

IV . 
I\'. 
N. 
N. 
N. 

NW. 
?i 11- . 
NW. 
M V .  
N W .  m . 
\I, . m . 
1v . w. 
117. x\v. 

NU'. 
NW. 
NW. wv. 
NW. 
N W .  ........ 

... 
3n 
Z'E 
21: 
''R 
?A 
?d 
?'2 
?2 
21 
3 

42 
33 

I ?$ 
4s 
3R 
39 
.> 9 
26 

30 

......... 
1 Thermometer of cheap commercial make. 
3 IAt  mniind. 
a W i n k &  reset bv ahrut I 100 fed after trail rclw tour1w.d eriwwi. 
4 TQrnperstiue unFertain, a8thermomPtrr \vas not shiolilrtl Ira ni sun. 
6 Landed 3 miles southeast of Qedder. S. Dck. 

First, let us consider the ressure distribution on the 

There was an area of high pressure over eaitern Canada 
and a low-pressure mea centered in northern Colorado. 

morning in qudtion, name P y) March 14. (See fig. 1.) 

FIi;. l.-Wc:ither map, 7 a. m. .  90th mcridisn time. Xar. 14, 1919; and probal>le 
routc tiken by 11;e luilnun. 

with ti very low strotus sheet, thc hase of which WRS not 
o-rer 300 fcet a h - e  the gzotind. As nenrly R S  cou!d he 
judged, these clouds mere moying aboiii 0 meters per 
second from the east. The balloon, of course, left the 
ground movin west and maintained this direction while 

&ud layer, for it was not wry thick, we encountered 
passing into t 5 e clouds. Quickly passing through the 


